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Foreword 


Thu voliinir r«‘prt*s«‘iit« imm* of a mtIos of riM|iiiriMii<’iils .ohI rapahilitios for 
plaiM*tar> iiiisNirNi.H asM'inlilitl from rtHtml slotK atlivHU's at JIM. TIm‘ por|M»M- of 
IhU M‘rk*i> of (hHiiiiU'iiU U to provitk' a suiiiiiiarv of tiM-sf studies sshieh may Im' 
ri'adilv used in siil>se<|ueitt I'fforls. KmpiMsis is u|miii rei|uiremenls and avstKialed 
eapalidilies of |Im‘ spait*<'rafl and missimi <k'si(pi a* (k*selo|M‘d in IIm- study. No 
partinilar priority of itulividual missicMis slumld Im< assumed from tlie se<|uenee of 
tin's*- reports 

The otfier puhlished volumes in this serk-s are SF 4.M-27, V'ol. I. Miirint r Ettrkr 
HulInHc Hylty IHUti. N«»vemlK*r 197.1. aiul SI* 4.1-27, Vid. 2, Mars Volar Orhitor/ 
Pvr.virator IWiI, March I97fi. Tlu-sr- volumes were pre|>ared l»y tlu- Misskui 
hiiKiiM-t-rinK St-ctirm of tiM- Project klnKiiM-eriiiK Di' Nitm. 
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Mission Dsscription: 

Two >pM(-«HTufl itrr iiiMTlt**! into m t)7-inln. VHt-kiii 
( irtiiUr |M>tur ori>il. Klliplkitl orliils art' iinilt'r t-onxiib'ru- 
licMt. Iht> IraiktiH IiHiik propoUitMi tysiriii rit|nircnn'nls vt. 
radar tytleni ttiniplt'xily ami |M*rforiiiamf. linaKiiiK m-t'iirs 
<Ni \ptH ifk' dt'ftiK'd orltils. whilt* olln'r artivili<*\ oit li at 
iKNiratiar M-kriMf. alliiiH'lry. ami Ifltt'oniniunitatifms lake 
plat-t* (HI mMilinaKiiiK orliilt I'Im- ( irt ular orliil allow t 
(-oiiipific plaiM’l iiiuppint; within 120 days. A plansililc 
vcliicit* for a V(*no!i Orliitrr IniuKiiiK ltad.ir (VOliti initsion 
it lust'd (Ml a MariiM'r Jiipitcr/Satiirn (NIJS^ derivative, 
with some desitjii iniM'rilaiiee from Viking and oIImt 
M ariner s|Mceeraft. The VOIH s|)U(t>eraft has volar paiM'Is 

OtiM'r s|iaeeeraft eiHHt'pts iN'iiix considered imliide a 
laiiur I'olar Orliiter derivative with a Seas.it-ty|M- antenna 
and a niiiltiuntenna PUMM-er Venus Orliiter derivative with 
some despim parts. 

I. Science 

A. Rational# 

Sina|{in)( and niappiiiK of the surface of Venus sifpiili- 
eaiitly iN'yond the lapaliilities of Plarth-liused oliservatimis 
would lie a major step in the explorati(Mi of the terrestrial 
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Venus Orbiter Imaging Radar 


loiuneh Date: 
PneiMinter Date! 


Injeetion Muss: 

Net Mass in Orhiti 
InsIruiiM'iit Mass (radurs unlylt 
launch \ehiciei 


.\pril-jiiiM‘ lUh-'i 

OetolM'r NovenilM'r 
l«M.) 

•I.Tk'S k|> 

7.15 k|( 

57 k« 

>llUttle/ll'S 


Objectives: 

ImuKery of IIm* whole plum-t, at alxHit llie 2 tKt-iu 
resolution level, with ciHitinuoiis altimetry for deti*rmina- 
tiiHi of surface clunKcs aiKl features, aiui ti>|Hit'raphical 
studies. Some hi('h-resoliiti(Mi imagery at .iImhiI .50 m could 
lie available 


Typical Science Investigations: 

SyntlM'tic a|M'rtiire radar 

Additional seieme invest i^athMis umler study 


plitiirlk. Thr VOIR minsiun rrprri«nlt a prat-tiial. 
rrah/aNt* of mvcliiif; Ihik nrrd in the uiin^ 

sltle-lcxAiiiK ruiLir. 

B. Obi«ctivM 

S<'i«>iKt* (>l>)fHiivc‘» uppruprUir to thik inikkion are: 

(1) To tk'termlnr kurfait* characteriktk-k kuch as testure, 
i-niktal ktnu'liire, topof{raphy. and niorpholof^y. 

(2) I'o ktiidy the kurfai-e/atnicHpherc* interactions of 

N’fiiiik. 

(3) 'I'o csuinine meti*oritc impact effects on the surface 
anti phenomena such as cratering, brecciation 
melting, erosion, attd regolith formation. 

(4) To determine the mass distribution of Venus. 

C. Typical ExparlnwnU 

'Fhe syntbetic aperture radar (SAR) is the only proposed 
scietKe iiistniment carried on th<* VOIR spacecraft in this 
study. 'This radar t-otild lie similar in concept to the one to 
lie flosMi on Seasat-A In 1978. The SAR would operate at 

I. -li„rKl frtMpieiH'ies (I to 2 C>liz), at an altitude from the 
surface of VMI km. and woiilti lie iisetl for imaging as well 
as altimetry. 

Other scientific iiistrc.meiils ccMild lie flown and are 
iimler investigaticMi. 

II. Mission Description 

A. Launch and Arrival 

The VOIR mission involves two spacecraft being 
insertc'd into a .'5iM)-kin circular |Milar orbit around Venus. 
I.aiinch opiNirliinilies open in .April 198.') for arrival in lute 
OctolHT and early Novenila*r 1?)8.). For this period, f'js of 
less than 12.0 kni^/s* are r«*cpiired over a 70-day injecticHi 
|>eriod lieginning in .Aprii. 

The* space* raft is launchc'd using IIr* Shuttle/ IUS, with 
an ex(XH-ti*d injectiem capability from .ViOO to 6200 kg 
over a 6.0 to 12.0 kin^/s* f.’-j range. 

Lninching the two spacecraft svith a single set of launch 
c*(|uipment may lie considerc'd c'ven with c-oincident 
launch and inj«*cti(Mi periods. .A 22-day launch pericxl is 
aili*<|uate if dual sets of launch ec|uipinent are available: 52 
days are rc'<|uir*‘d if a single set of launch c‘ipiipmont is 
iLsecl. 


The cruUe period to Venus after inject iiMi by the 
Shuttle/IUS takes aliout 4 miNiths. The arrival speed of 
the spacecraft at Venus ranges from 2.9 to 4.1 km/s, 
depending upon when the lauiM'h cx-curk in the .April 198.1 
lauiK-h period. 

B. Vwtut OrbH 

The miminal orbit kelecti*d is a .KKi-kiri-altitucie |Kilar 
circular orliit, which has tlx* following acKantages: 

(1) The radar doppler sliift rc*«|uirements are mininiimi 
by the circular orliit. 

(2) No umhie navigaticMi and atmospheric uixertaintic's 
are etxtxjntered at the' low orbital altitude, heixe 
the radar design rccpiirements are I'ast'd. (.A more* 
extensive analysis would lie rec|uirc*d to justify any 
significant further rechiction in altitude.) 

(,1) The circular polar orbit allows complete plaix't 
mapping within 120 days. 

.An alternate circular polar orliit ccxild lie achieved by 
increasing the altitude to ItMNt km. Mure radar |xmer and 
a somewliat Icxiger time would lx> nex'iled for Venus 
mapping. However, this type of orliit would also provide 
some relief of the* orbit determination prolileins asscx ialc'd 
with tlx* lower circular orbit. A .KM) X KNNI km c'lliptical 
orbit cCHild lx* iitili/CMl Imt would luivc- a serious impact on 
radar ck'sign complexity and data analysis. 

C. Data Managamant 

'The data collectiixi philosophy for this inissiixi assiimc's 
that the* radar mapping olijc'ctives will lx* accomplislied 
chiring tlx' first half of a Vc>nusian rotation fx'rxxl. The 
revnlulicMi-to-revoluticNi shift of the* spacecraft's ground 
trace is U*s.s than the typical radar swath wid'h ■ crniitting 
complete mapping of tlx* surface in oix* h;«it i .'enusian 
rotation pc'ricxl. Optimi/ation of system ii|H*r.if >wn.s could 
le achievc*cl by having the radar o|x rate continuously over 
this pericxl. .After the mapping reipiireini'iits were 
satisfk'd, tlx* remaining orbits could lx* iisc*d for collecting 
othc'r sck'ixe data aixl data transmissicHi. 

III. General Spacecraft Characteristics 

Tlx* lia.st*liix* VOIR spacc*craft that has lx*i*ii studied is a 
three-axis stabilized design basc*d on c*xisting MJS 
tc'chnology (Figs. I and 2). This spacc*craft is soiar 
poweri'd and has a rc'latively large propiilsicxi s\stc*in. with 
radar acldc'd as the main scic'ixe ex|x*rinx*nt. 

'llx' spaccx raft stnicture ccxisists of an MJS'77 ti*n-sidecl 
Ixis. It sup|x>rts all app<*ndage*. aixi providc*s a structural 
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ng. 1 . VOm tpacMrafl (Carth aloraM* propallanto) 



Ftg. 2. VOIR apacacraft (ipaca atorable propallanta) 


fouiuLttiuii for IIm- siilisystfnis aa wt-ll as a propiiUi<Ni 
MipiMirt slnit liirr. 

VltarlM’cl lo iIm- Ihis via oiitri(y(crs arr <k-ployal>l(' solar 
paiH'Is on a iiuMlifiorl Vjkin)> (k'sii^n, lh«'y proviik* 

IIm' |M>wfr for Ihr- VOIH spamiraft. The Iwo solar patwls 
havt* a i-oinl)iiH*<l area of alKnit 14.8 .Xikiilioiial jMiwrr 
ran Ik* arhiovrd by IIm* use of Iwo NI-CcI l>allcrk‘s. along 
with ollwr elorlriral jK)wrr wjiiipiiwnt The total posver 
iH'T'ik-rl by the spar(*rrafl at launch is alaoiil .104 W'alls. 


'Hh' propnlsiiHi sysletn. liN aled at th«' aft cihI of the Ihis, 
((Hikl t oiLsisI of cither of Iwo major ilavses of prn|Hilsi<Mi 
systems. TIm- first optiiMi iilili/cs advaiMi'il kliirlh-sloralilc 
bipro|)«*llanls ami relics h«Mvilv <hi IIm* MariiM‘r Mars 1071 
(MM7I) and Viking Orbitcr 197.1 (VOT.l) propulsion 
tcrhiHilogy. IIh- major changes for the* VOIH mission are 
the use of hyilra/iim (N 2 ll 4 l ralh»*r than rnoiMM'lhylhydra- 
/.ine (MMII) as the fuel, and the use of a nuKiified 4.0-kN 
ihnisi Shuttle real lion control engine instead of the I..1- 
kN MM’71 ami V()’7.1 engines. The use of Njll^ provides 
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4 )% iiK riMM* Ml %|M*t ifM iMi|)uls4- .iimI mm rciiMil lliniNl uvrr 
i oiivt’iilloiial Karlh-^loralilf |>ro|M*ll.ihl%. ThU allow* 
•iiM'rliiHi of IIm' *|>4(r« rall inlo a .'VHI kin t iri ular orlni 
with iHK' M-l of laiiiii li i'<{iii|)iii('iil ami muiiiiMl It'S 
t'a|ial>ilily. IhiI two liiirii* ol tlx' iiiwrlioii tiiolor arc 
riM|>iiri'.l 


I'Im* m'knkI |>ro|)iiUiiHi %\slt’in option. *p.u «*-\ioralih' 
propi'll.iiits liiioriiM‘/li\ilia/ini‘>. provide* a vittiiiNcant 
iinprmi'inciit in v|mi iIk- iiiipiilM- Siinc tin* oxiili/cr in this 
c.iw* Iv a i rvovnic. ih‘w vpaioralt inti-riacr ri‘«|iiirriii«'iit\ 
rrviilt Tilt' live oi vp.ii c-^toralilc pro|M'llantv |M‘rinitv 
captiirr ol tin* liasclinr iiiisvion with a vint>li' Inirn, given 
noiiiinal It'S eapalnlitv Multiple linrnv would allow tin- 
retro in.iw to In* reiliK'erl vignificaiitlv. 


The teh‘< oiiiniiinH .dionv \v\teiii iv alsri liasr-tl mi MJS 
design It eonsivts ol redundant .\ lMiid tr.insiiiitti-rv and 
S-ImiiiI traiiMiiilters and rei-eivers ,ind tin- iieeess.iry 
Mip|Mirting elenients The receivers olitain tin- uplink 
signal via tin- S li.ind low-gain .-.ntenna l.(^\l. Tin- output 
oi the \-iiand Iransnntters tan In- switcln-d to tin- .1. !• 
in-di.inu-ter high-gain antenna IKiA or to eitln*r oi two 
\-liand l.(l.\.s. a liiconical 'ineiiiniii-gain. antenna, .ind a 
horn antenna \n I. luind h-cd is addt-d to the ll(^\ for the 
raiLir, 


The high-gain anti-nna reipiires three degrees oi 
iret-thiin lor i.nkir mapping of tin- surface of Venus ainl 
radar altinn-lric deterniination of siirfate features, as well 
as for high-liit rate coinmiinii ations with Karth. 


KiiLir mapping rclii-s upon the aliility of the antenna to 
In* |nimli-d cmiliimoiisly at a surface point It) deg to tin- 
side of the siilispacecraft (niint (surface intt-rset-tion |niint 
of the radial line from the planet's center to Ihi- 
spat i*craft I. H.iilar altnnetrv rnpiires th.it tin- aiilr-nna Im- 
aimetl at tin- siilispai i-t raft |>olnt on nonma|iping orliils. 


.Vntenii.i pointing rt-f|nireni(-nts necessitatt- that high 
siraci-traft attitude stalulitv In- niainlaiin*il ihronglniiit the 
orliital |M>rtion of tin- V'OlIt mission, \iiti-nn.i pointing is 
at-ttiniplished liy three actuators which oper.ite tin- threr- 
(h-gre<--of-fri*etloMi anteuiia pointing mi-< h.iiiisnis. The 
s|>a<ei raft is staliili/i-il liv an attitinle control systi-m ImsciI 
on the MJS'77 design. Tin- Sun and (Janopus are used .is 
i-elrstial rt*ferenc<-s ftir attitudr- control. 


Data handling ainl (cimmainl luintions an- hanilh*<l 
s«*paralelv. Data <i>nipri*svi<Ni ti>i hnn|iH*s n-ay In* use<| 
se|>ar.itelv or iin'i>r|Mirated within tin- r.itlar. 


Data storage is provided liv two (rediiinkintl N \S \ 
slainlard l(l**-liit tape rm onlers, c.i|mIiIc of n-r ording ainf 
playlMi k rati*s up to S Vi Mfi/s. 

Tin- V'OIH re<|iiirenn-i>ts for <Lita mamigi-nn-nl are 
suinniari/eil in Paliles I and 2. 

()thi-r sulisystr-nis iisr'd in the spaieciaft, such as 
tin-im.d control, caliliiig. ainl iiiei liani(.il ik-vices, are also 
based on MjS'77 ih-sign. Talih- 1 pn-s«-nts tin- V'OIH 
sp.ici-crall mass siimmarv, iniluding a liicakikiwii of tin- 
two propulsion svstem options that could In- usr-d in this 
mission 


Table 1. Data re<|ulrementt 


NiiiiitH.-r III data virvaiiiv 

2 

SiK-iui- data rati* 

5 tl 0 nmiiidi-dl' 2 Vtl kh V tiudi-dl 

1 ntiiiH-viinii data latc 

.StI 25 hits/v 

1 nlat nunitK'f ul 
i-ni'ini-t-imn iiii.-a«iii(-iiii.-inv 

256 

1 n>:inci-riiH- data Iraiiu- v|/c 

1 2 H im-asuri-iiii-nti 

NuiiiIh-i ul cnvini-i-fini; luonats 

4 

1 ntiUK-i-iini.' im-avuiciiit-nl k-iiKtIi 

M tut* 

Scirni. 1 - data luiniat 

Hliiik III 2 n 4 N 6 hit niiiil* 

Hit i-irui rati- 

< 5 V III*'’ 

Data stmaKC ri-i|uirimi-iit 

1.2 1 in'* tuts 

(lata ti'iiinl rati-v 

11.5 and 5.8 Mti * 


Table 2. Control requirements 


Numhcf III oHlct) coiiiMiJiiiJ 
tntCfluicA 

K 


Niimbi’i Ilf hili,iiHli-d luiiiitiatid 

14 


s.umlH -1 III diMii-li- I'limiiiaiid 
tnli-ilaiv* 

un 


( iiimnand hit lati- 

4 hit* * 


Niiiiibi-i lit hiti.iiiininand 

42 



4 



T*Wt S. VOW tpac«cr«fl hmm MHmrary 


Subtrtum 

Matt 

>4 

Remarks 


Stiuclurv 

220.2 

Inclustei solar panel situclure and ouutsgeis, and propuhion support siruclure. 

RmIiu trequeiHy 

400 



ModuUuon/dcintMliiUliiin 

t.2 



l*u<sci 

1 12.0 



('tiRipulci vomnMnd 

IS.3 



1 llshl Jsu 

15.9 



Aliiiudc jimI iiiik'uUtiun 

118.9 

Includes entire aiiltude-propulsron system with thrusters, valves, associated hardware. 

ttinliiil 


hydra/tne and helium tprestuiantl. 24.4 kg of uwMe hydra/ine. and tankage; also all 



actuators. 


Pyiiilcchnk's 

M.H 

With VO'75-basc‘d propulsion actuatioii unit 


( jMins 

41.8 

imiudes radar, solai panel, propulsion, and actuator cablinii. 


1 tfiiipviaturtf conltol 

22.7 

Includes blanket for propulsfcm subsystem. 


Mcchinkjl ilcvk'cs 

21.0 

Includes solar pam-l-relatc'd devices. 


l>4U sliirsiir 

25.4 



S.'X/L band jnionnas 

6.9 

Includes radar 1 -hand feed fur highiiain antenna. 


K^tLii 

57.0 

fransmitter/recvivcr/posser converter 30.0 kg, based on processor assemMy 22.0 kf . data 



coirprestui 5.0 kg. 


luul 

735.1 

(Net mast in orbit.) 




larth-storable 

Spacv-stotable 

Propuiskin inciis 


455.0 

572.5 

1'utiil (dry spacvciiit'l wtlli APS lueh 


1 190.1 

1 307.6 

I’ubir pit'P^lhinu 


3000.0 

3027.0 

(Al'i m/s) 


(37(8)) 

(4150) 

ToIjI (separated mass) 


4190.1 

4334.6 

Spaccitall adapter (Same as fur baseline VOIK plus 3 kg fur increased structural suppurt 


required for heavier spacecralt.) 


89.4 

89.4 

Total (launch mast, no uinliniiency) 


4279.5 

4424.0 


IV. Mission Options 

l.auiM'h opporliinilies for VOIH are alto available in 
Novenii)cr 1981 and IX'tenilier 1984. The former is 
somewhat inferior lo the 1981 opportunity, while the 
latter is approximately ecjiial to it. Both permit mission 
at-fomplishment with no increased performance diflk-ul- 
tk*s. 

A possible stratejjy to lie considered is the addition of 
nonradar science iastruments to the VOIK payload. These 
could include a mass spectrometer and a dayglow 


experiment, which would provide a greater understanding 
of the composition of the Venus atmosphere. A UV 
imaging iastniment is another possibility. This nfuipment 
could take advantage of the spacecraft stability necessary 
for remote sensing by the radar. 

.Another |KMLsible option is the combiiMtion of a VOIK 
spacecraft with a high-attitude Imoyant slatioii. This 
station wotdd float in the atmosphere of Venus and study 
atmospheric circulation and properties. The VOIK 
spacecraft could he the support and relay vehicle for the 
buoyant station. 
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